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DESCRIPTION 

AIR REFRIGERANT COOLING APPARATUS AND AIR 
REFRIGERATION SYSTEM USING THE AIR REFRIGERANT 
5 COOLING APPARATUS 

Technical Field 

The pre s ent invent ion relates to an air 
refrigerant cooling apparatus and an air 

10 refrigeration system using the air refrigerant 
cooling apparatus. In particular, the present 
invention relates to an air refrigerant cooling 
apparatus having a magnetic bearing structure, 
and an air refrigeration system using the air 

15 refrigerant cooling apparatus having the 
magnetic bearing structure. 

Background Art 

According to a conventional air 
20 refrigeration system, an air refrigerant cooling" 
apparatus which is a component of the air 
refrigeration system uses a motor in which a 
rotor shaft is rotated on bearings such as ball 
bearings, roller bearings and so on. In order 
25 to generate cooling air with a desired 

temperature, it is necessary to provide not only 
the air refrigerant cooling apparatus but also 
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an air cooler and a booster for compressing air 
refrigerant supplied to the air refrigerant 
cooling apparatus beforehand. Also, with regard 
to the motor using the ball bearings the roller 
bearings and the like, maintenance for replacing 
such the bearings is necessary with a periodic 
interval. It is not possible during the 
maintenance to cool freights in a warehouse. 

As a means for improving refrigeration 
performance of the air refrigerant cooling 
apparatus and simplifying a ' c o n f i gur a t i on of the 
air refrigeration system, high-speed rotation 
can be considered in which the rotational 
frequency of the motor in the air refrigerant 
cooling apparatus is i n c r e a s e d . 

A "magnetic bearing apparatus" is 
popularly known as a driving mechanism for 
attaining the high-speed rotation. Fig. 1 shows 
a schematic configuration of a "magnetic bearing 
apparatus" disclosed in Japanese Unexamined 
Patent Publication JP-P-Heisei 8-61366. The 
magnetic bearing apparatus shown in Fig. 1 has 
an axial magnet ic bear ing 5 for controlling 
axial displacement of a shaft 2 through a rotor 
disk 4 with a disk shape fixed to the shaft 2, 
and a pair of radial magnetic bearings 6 and 7 
which located on both sides of the axial 



magnetic bearing 5 in the axial direction and 
controls radial displacement of the shaft 2. In 
addition, the magnetic bearing device has an 
annular member surrounding the circumference of 
5 the rotor disk 4, a vent 13a provided in the 
annular member for blowing an air to cool down 
the rotor disk, and a couple of gap. providing 
members 20 and 21. The gap providing members 20 
and 21 surround the circumference of the shaft 2 
10 at the both sides of the rotor disk 4 in the 
axial direction, which forms substantially 
constant gaps between the shaft 2 and the gap 
providing members for passing the air from the 
vent 13a. 

15 Also, in association with the technology 

mentioned above, another technology is proposed 
as shown below. 

An "air refrigerant cooling apparatus" 
disclosed in Japanese Unexamined Patent 

20 Publication JP-P-Heisei 11-132582 is 

characterized by a compressor, an air cooler, an 
air-to-air heat exchanger, and an expander 
arranged along the passage of air for conveying 
the air from a cooling room to be chilled 

25 through the air-to-air heat exchanger to the 
compressor and feeding the cooling room to be 
chilled with the air released fromthe expander. 
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The air refrigerant cooling apparatus includes a 
first val ve-equipped bypass for allowing a 
portion or all of the air released from the 
expander to bypass the cooling room to be 
5 chilled and then return back to the air-to-air 
heat exchanger, and a va 1 ve - e qu i pp e d hot-air 
bypass for introducing air at not lower than 0 
°C from the path between the compressor and the 
expander and supplying the air to an, inlet air 
10 path of the air-to-air heat exchanger. 

Disclosure of Invention 

It is an object of the present invention 
to provide an air refrigerant cooling apparatus 

15 having high reliability and high efficiency. 
More particularly, an object of the present 
invention is to provide an air refrigerant 
cooling apparatus equipped with a magnetic 
bearing which has high reliability and 

20 efficiency. It is another object of the present 
invention to provide an air refrigeration system 
whose configuration is simplified by the use of 
the air refrigerant cooling apparatus. 

An air refrigerant cooling apparatus 

25 according to the present invention has a motor 

casing, a shaft installed in the motor casing, a 
motor stored in the motor casing and having .a 
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first magnetic bearing and a second magnetic 
bearing for supporting the shaft, a compressor, 
and an expansion turbine. The compressor is 
positioned in a first axial side of the motor 
5 and is connected to the shaft. The compressor 
is separated from the first magnetic bearing by 
a first labyrinth. The expansion turbine is 
positioned in a second axial side of the motor 
and is connected to the shaft. The expansion 

10 turbine is separated from the second magnetic 
bearing by a second labyrinth. A pressure 
difference is generated between a space where 
the first magnetic bearing and the second 
magnetic bearing are provided and respective of 

15 an inlet of the compressor and an outlet of the, 
expansion turbine by an external pressure 
outside the motor. 

Also, the air refrigerant cooling 
apparatus according to the present- invention 

20 further has sensors- for detecting a position of 
the shaft. The sensors are provided adjacent to 
the first magnetic bearing and the second 
magnetic bearing. A pressure difference is 
generated between a space where the sensors are 

25 provided and an outside of the motor casing by 
an external pressure outside the motor. 

An air refrigerant cooling apparatus 
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according to the present invention has a motor 
casing, a shaft installed in the motor casing, a 
motor stored in the motor casing and having a 
first magneticbearing and a se c o nd magnetic 
bearing for supporting the shaft, a compressor, 
an expansion turbine, and a means for generating 
a pressure difference between a space where the 
first magnetic bearing and the second magnetic 
bearing are provided and respective of an irilet 
of the compressor and an outlet of the expansion 
turbine. The compressor is positioned in a 
first axial side of the motor and is connected 
to the shaft. The compressor* is separated from 
the first magnetic bearing by a first labyrinth. 
The expansion turbine is positioned in a second . 
axial side of the motor and is connected to the 
shaft. The expansion turbine is separated from 
the second magnetic bearing by a second 
1 aby r in th . 

Also, the air refrigerant cooling 
apparatus according to the present invention 
further has sensors for detecting a position of 
the shaft which are provided adjacent to the 
first magnetic bearing and the s e c on d . ma gn e t i c 
bearing, and a means for generating a pressure 
difference between a space where the sensors are 
provided and an outside of the motor casing. 



Also, an air refrigeration system 
according to the present invention includes the 
air refrigerant cooling apparatus, a first Jieat 
exchanger, a second heat exchanger, a 
refrigerator, a filter, and a fan. An outlet of 
the compressor in the air refrigerant cooling 
apparatus is connected to an inlet of the first 
heat exchanger. An outlet of the first heat 
exchanger is connected to an inlet of the second 
heat exchanger. An outlet of the second heat 
exchanger is connected to an inlet of the 
e.xpansion turbine in the air refrigerant cooling 
apparatus. An outlet of the expansion turbine 
in the air refrigerant cooling apparatus is 
connected to an inlet of the refrigerator. An 
outlet of the refrigerator is connected to an 
inlet of the compressor in the air refrigerant 
cooling apparatus through the second heat 
exchanger. The fan is connected to an air vent 
provided on the motor casing through the filter 
to cool down an inside of the motor in the air 
refrigerant cooling apparatus. 

Also, an air refrigeration system 
according to the present invention includes the 
air refrigerant cooling apparatus, a first heat 
exchanger, a second heat exchanger, a 
refrigerator, and a radiator. An outlet of the 



compressor .in the air refrigerant cooling 
apparatus is connect ed . to an inlet of the first 
heat exchanger. An outlet of the first heat 
exchanger is connected to an inlet of the second 
5 heat exchanger. An outlet of the second heat 
exchanger is connected to an inlet of the 
expansion turbine in the air refrigerant cooling 
apparatus. An outlet of the expansion turbine 
in the air refrigerant cooling apparatus is 

10 . . conne c t e d to an inlet of the refrigerator. An 
outlet of the refrigerator is connected to an 
inlet of the compressor in the air refrigerant 
cooling apparatus through the second heat 
exchanger. The radiator is provided outside the 

15 air refrigerant cooling apparatus to cool down 
an inside of the motor in the air refrigerant 
cooling apparatus. An inlet and an outlet of 
the radiator are connected to air vents which 
are provid.ed on the motor casing and associated 

20 with respective of the inlet and the outlet of 
the radiator. 

Also, an air refrigeration system 
according to the present invention includes the 
air refrigerant cooling apparatus, a first heat 

25 exchanger, a second heat exchanger, and a 

refrigerator. An outlet of the compressor in 
the air refrigerant cooling apparatus is 
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connected to an inlet of the first heat 
exchanger. An outlet of the first heat 
• exchanger is connected to an inlet of the second 
heat exchanger. An outlet of the second heat 
5 exchanger is connected to an. inlet of the 

expansion turbine in the air refrigerant cooling 
apparatus. An outlet of the expansion turbine 
in the air refrigerant cooling apparatus is - 
connected to an inlet of the refrigerator. An - 

10 outlet of the refrigerator is connected to an 
inlet of the compressor in the air refrigerant 
cooling apparatus through the second heat 
exchanger. A conduit connected to the outlet of 
the second heat exchanger is branched for 

15 cooling down an inside of the motor in the air 
refrigerant cooling apparatus. The branched 
c on duit is connected to an air vent provided on 
the motor casing in the air refrigerant cooling 
apparatus. The inlet of the compr e s so r in the 

20 refrigerant cooling apparatus is connected to 

another air vent provided on the motor casing in 
the refrigerant cooling apparatus. 

Also, a refrigerator container according 
to the present invention includes the air 

25 refrigerant cooling apparatus, a first heat 

exchanger, a second heat exchanger, a container 
.box, and a radiator. An outlet of the 
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compressor -in the air refrigerant cooling 
apparatus i s . connect ed to an inlet of the first 
heat exchanger. An outlet of the first heat 
exchanger is connected to an inlet of the second 
5 heat exchanger. An outlet of the second heat 
exchanger is connected to an inlet of the 
expansion turbine in the air refrigerant cooling 
apparatus. An outlet of the expansion turbine 
in the air refrigerant cooling apparatus is 

10 connected to an inl.et of the container box. An 
outlet of the container box is connected to an 
inlet of the compressor in the air refrigerant 
cooling apparatus through the second heat 
exchanger. The radiator is provided outside the 

15 air refrigerant cooling apparatus to cool down 
an inside of the motor in the air refrigerant 
cooling apparatus. An'inlet and an outlet of 
the radiator are connected to air vents which 
are provided on the motor casing and associated 

20 with respective of the inlet and the outlet of 
the radiator. The air refrigerant cooling 
apparatus, the first heat exchanger, the second 
heat exchanger, the container box, and the 
radiator are configured to be transportable as 

25 the refrigerator container. 

An air refrigeration system according to 
the present invention includes a first bearing 
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for supporting a shaft, a compressing mechanism, 
an expansion turbine, a first heat exchanger, 
and a second heat exchanger. An outlet of the 
compressing mechanism in the air refrigerant 
cooling apparatus is connected to an inlet of 
the first heat exchanger. An outlet of the 
first heat exchanger is connected to an inlet of 
the second heat exchanger. An outlet of the 
second heat exchanger is connected to an inlet 
of the expansion turbine in the air refrigerant 
cooling apparatus. An outlet of the expansion 
turbine in the air refrigerant cooling apparatus 
is connected to an inlet of an refrigerator.. An 
outlet of the refrigerator is. connected to an 
inlet of the compressing mechanism through the 
second heat exchanger. A compressor in the 
compressing mechanism is connected to the shaft. 
The compressor is separated from the first 
bearing by a first labyrinth. The expansion 
turbine is connected to the shaft. The air 
refrigeration system further includes, a first 
conduit for supplying an air refrigerant from 
between an outlet of the compressor and the 
inlet of the refrigerator to a space where the 
first bearing is provided. 

The air refrigeration system according to 
the present invention further includes a second 



11 



bearing supporting the shaft at a position 
closer to the expansion turbine than the 
compressor/ and a second conduit for supplying 
the air refrigerant from the space where the 
first bearing is provided to a space where the 
second bearing is provided. 

The air refrigeration system according to 
the present invention further includes a third 
conduit for supplying the air refrigerant from 
the space where the second bearing is provided 
to the outlet of- the expansion turbine. 

The air refrigeration system according to 
the present invention further includes a motor 
for rotating the shaft. The first bearing and 
the second bearing are magnetic bearings. 

In the air refrigeration system according 
to the present invention, the first conduit is 
configured to derive the air refrigerant from 
the inlet of the expansion turbine. 

In the air refrigeration system according 
to the present invention, the compressing 
mechanism further includes an auxiliary 
compressor provided upstream of the compressor. 

A refrigerator, container according to the 
present invention has the air refrigeration 
system of the present invention and. a container 
box connected to the outlet of the expansion 
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turbine . 

According to the present invention, an air 
refrigerant cooling apparatus having high 
reliability and high efficiency can be attained. 

Also, an air refrigeration system having 
high reliability and high efficiency with a 
simple configuration can be provided by 
incorporating the above-mentioned air 
refrigerant cooling apparatus having high 
reliability and high efficiency into a 
refrigeration system. 

Brief Description of Drawings 

Fig, 1 is a cross sectional view 
schematically showing a conventional magnetic 
bearing apparatus. 

Fig. 2 illustrates ah air refrigeration 
system according to a third embodiment of the 
present invention. 

Fig. 3 is a cross s e c t iona 1 . vi e w 
schematically showing an air refrigerant cooling 
apparatus according to a first embodiment of the 
present invention. 

Fig. 4 is a cross sectional view 
schematically showing an air refrigerant cooling 
apparatus according to a second embodiment of 
the present invention. 
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Fig. 5 illustrates an air refrigeration 
system according to a. fourth embodiment of the 
present invention. 

Fig. 6 illustrates an a i r * r e f r i g e r a t i o n 
system according to a fifth embodiment of the 
present invention. 

Fig. 7 illustrates a refrigerator 
container according to a sixth embodiment of the 
present invention. 

Fig. 8 illustrates an air refrigeration 
system according to a seventh embodiment of the 
present invention. 

Fig. 9 is a cross sectional view 
schematically showing an air refrigerant cooling 
apparatus according to the seventh embodiment. 

Fig. 10 illustrates an air refrigeration 
system according to an eighth embodiment of the 
present invention. 

Best Mode for Carrying Out the Invention 

An a i r r e f r i g e r an t cooling apparatus and 
an air refrigeration system using the air 
refrigerant cooling apparatus according to the 
present invention will be described in the form 
of best modes with reference to the accompanying 
drawings . 

First, an air refrigerant cooling 



14 



apparatus having a magnetic b e a r i n g s t r uc t u r e 
and an air refrigeration system using the air 
refrigerant cooling apparatus will be explained 
for the purpose of overview of the general 
5 configuration of the present invention. Fig. 2 
illustrates an air refrigeration system 100 
according to a third embodiment of the present 
invention. The -air refrigeration system 100 
according to the present invention has an air 

10 refrigerant cooling apparatus 210 (310), a first 
heat exchanger 120, a second heat exchanger 130, 
and a refrigerator 140. The a i r r e f r i ge r an t 
cooling apparatus 210 (310) includes a 
compressor, a motor and an expansion turbine. 

15 In the air refrigeration system 100 

according to the present invention, an air 
compressed by the compressor in the air 
refrigerant cooling apparatus 210 (310) is 
cooled down by the first heat exchanger 120. 

20 The cooled air is further heat-exchanged with an 
air from the refrigerator 140 in the second heat 
exchanger 130. Then, the air is a d i ab a t i c a 1 1 y 
expanded in the expansion turbine of the air 
refrigerant cooling apparatus 210 (310) and thus 

25 is cooled down to lower temperature (to -80 ""C ) . 
Then, the low temperature air is directly 
supplied into the refrigerator 140, and hence 



frozen products in the refrigerator 140 are kept 
at lower temperature. The principle of 
operation of the air refrigeration system 100 
will be described later in more detail in 
5 conjunction with the third embodiment of the 
present invention. 
(First embodiment ) 

Fig. 3 is a cross sectional view 
schematically showing the air refrigerant 

10 cooling apparatus 210 according to the first 
embodiment of the present invention. The air 
refrigerant cooling apparatus 210 according to 
the present embodiment includes a motor 240, a 
compressor 222, and an expansion turbine 232. 

15 The compressor 222 is connected to one axial end 
of the motor 240 and joined to a shaft 244 of 
the motor 240. The compressor* 222 is connected 
at the inlet side to a compressor inlet pipe 221. 
The expansion turbine 232 is connected to the 

20 other axial end of the motor 240 opposite to the 
compressor 222 and joined to the shaft 244 of 
the motor 240. The expansion turbine 232 is 
connected at the outlet side to an expansion 
t ur b i ne -ou 1 1 e t pipe 231. The motor. 24 0 is 

25 located between the compressor 222 and the 

expansion turbine 232. The motor 240 has the 
shaft 244 installed as a rotating member in a 
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motor casing 241, a stator 248 for driving the 
shaft 244, radial magnetic b e a r i n g s . 2 4 5 a , 245b, 
245c, and 245d supporting the shaft 244 in the 
radial direction, a rotor disk 246 vertically 
5 connected to the shaft 244, and axial magnetic 
bearings 247a, 247b, 247c, and 247d supporting 
the shaft 244 in the axial di r ec t i on . vi a the 
rotordisk246. 

Next, the principle of operation of the 

10 air refrigerant cooling apparatus 210 according 
to the present embodiment will be described. 

The air refrigerant cooling apparatus 210 
of the present embodiment is designed for 
achieving high operational efficiency by the 

15 high-speed rotation . The high reliability is 
required in an actual operation. 

First, electromagnetic force is generated 
between the shaft 244 installed in the motor 
casing 241 of the. motor 240 and a coil (not 

20 shown) provided around the stator 248, which is 
the rotational force for driving the shaft. The 
rotational driving force causes the shaft 244 of 
the motor 240 to rotate against the stator 248. 
In the actual operation, the shaft 244 is held 

25 in space with keeping a certain distance from 
the magnetic bearings in the radial direction 
and the axial direction due to the radial 
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magnetic bearings 245a, 245b, 245c, and 245d and 
the axial magnetic bearings 247a, *247b, 24 7c, 
and 247d. 

When the motor 240 is in action, the 
5 rotation of the shaft 244 causes heat within the 
motor 240. For the purpose of exhausting the 
heat occurred in the motor 240, the motor casing 
241 is provided with a cooling air vent 270a and 
a cooling air vent 270b. When the motor 240 is 

10 in action, a cooling air (130 mmAq, 40 ""C ) is 

supplied from a fan 260 provided outside the air 
refrigerant cooling apparatus 210 into the motor 
240 through a filter 250 and the cooling air . 
vent 270a. After supplied into the motor 240 

15 and cooling down the shaft 244 and the stator 

248 which are the motor driver, the cooling air 
is exhausted to the outside of the air 
refrigerant cooling apparatus 210 through the 
cooling air vent 270b. 

20 In the air refrigerant cooling apparatus 

210, an air refrigerant (-173 mmAq, 35 ""C) is 
supplied to the inlet in the axial direction of 
the compressor 222, and its temperature 
increases up to 119 °C due to the compression. 

25 Then, the air refrigerant is exhausted from a 
compressor vent 221c to the outside of the 
compressor 222. Also, the air refrigerant (-47 
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*=*C) is supplied to the expansion turbine 232 
through a vent 231a. The air refrigerant is 
adiabatically expanded in the expansion turbine 
232, and thus is cooled down to -80 ""C . Then, 
5 the adiabatically expanded air refrigerant at 
the temperature of -80 "^C is exhausted from the 
turbine outlet in the axial direction to the 
outside of the expansion turbine 232. 

The. portions between the motor 240 and 

10 respective of the compressor 220 and the 

expansion turbine 232 are shielded by respective 
of a labyrinth-A 242 and a labyrinth-B 243 in 
order to prevent the compressed air refrigerant 
and the adiabatically expanded. air refrigerant 

15 from flowing into the motor 240 when the air 

refrigerant is compressed in the compressor 222 
and . adiabatically expanded in the expansion 
turbine 2 32.. 

However, it may -possibly happen that a 

20 portion of the air refrigerant leaks into the 
motor 240 through the labyrinth-A 242 or the 
labyrinth-B 243. In this case, contamination 
included in the air refrigerant flows into the 
motor 240. When t h e c o n t am i n a t i o n moves into 

25 the motor 240, the contamination is attached to 

the shaft 244, the radial magnetic bearings 245a, 
245b, 245c, and 245d, and the axial magnetic 
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bearings 247a, 247b, 247c, and 247cl, which 
causes a malfunction or fault of the motor 240. 

According to the present embodiment, the 
motor casing 241 is provided with air vents 241a, 
5 24 1b, and 241d. The air vents 241a, "241b, and 
241d are located adjacent to the radial magnetic 
bearings 245a, 245b, 245c, and 245d and the 
axial magnetic bearings 247a, 247b, 247c, and 
247 d, respectively. The air vents 241a and 241b 

10 are connected via pipes to air holes 221b and 
221a provided on the compressor inlet pipe 221> 
respectively. Thus, the contamination around 
the shaft 244, the radial magnetic bearings 2 4 5a, 
245b, 245c, and 245d, and the axial magnetic 

15 bearings 247a, 2 4 7b, 247c, and 2.47d of the motor 
240. is exhausted to the compressor 222 due to 
the difference between pressure in the motor 240 
and pressure in the compressor 222. Since the 
pressure inside the motor 240 is lower than the 

20 pressure outside the motor 240 according to the 
present embodiment, the contamination around the 
radial magnetic bearings 245a, 245b, 245c, and 
245d and the axial magnetic bearings 247a, 247b, 
247c, and 247d can be quickly removed out from 

25 the mot or. 

According to the present embodiment, the 
radial magnetic bearings 245a, 245b, 245c, and 
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245d, and the axial magnetic bearings 247a, 247b/ 
247c, and 247d are applied to the motor 240 of 
the air refrigerant cooling apparatus 210 
including the compressor 222, the motor 240 and 
5 the expansion turbine 232* In addition, the 
pressure difference is generated the inside of 
the motor and respective of the compressor 222 
and the expansion turbine 232 in order to remove 
the contamination which moves into the motor 240 

10 from the outside through the labyrinth-A 242 and 
the labyrinth-B 243. 

Accordingly, lives of the shaft and the 
bearings becomes longer in spite of the high- 
speed rotation, and also replacement of the 

15 bearings becomes unnecessary. Thus, the 

operational reliability of the motor, can be 
improved. Also, the contamination within the 
motor is removed, which further improves the 
operational reliability of the motor. As a 

20 result, it is possible to attain the air 

refrigerant cooling apparatus 210 having high 
operational reliability and high efficiency. 

Since the air refrigerant cooling 
apparatus 210 is applicable to freezing, 

25 refrigerating, and air conditioning processes at 
different temperature level and pressures level, 
the refrigerant cooling apparatus according to 
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the present invention includes a freezer, a 
refrigerator, and an air conditioner. Although 
the present embodiment is described in the 
application of the refrigeration, it is 
5 applicable to the cooling and the air 

conditioning in a similar. way by adjusting the 
temperature and pressure levels. 
(Second embodiment) 

Fig. 4 is a cross sectional view 

10 schematically showing an air refrigerant cooling 
apparatus 310 according to the second embodiment 
of the present invention. The air refrigerant 
cooling apparatus 310 according to the present 
embodiment is substantially identical in the 

15 configuration to the air refrigerant cooling 

apparatus 210 in the first embodiment. The air 
refrigerant cooling apparatus 310 further has 
radial sensors 349c and 349d and axial sensors 
349a and 349b provided adjacent to the radial 

20 magnetic bearings 345a, 345b, 345c, and 345d, 

and the axial magnetic bearings 347a, 347b, 347c, 
and 347d. The radial sensors and the axial 
sensors detect distances between a shaft 344 and 
respective magnetic bearings during the actual 

25 operation . 

The air refrigerant c o o 1 i n g app a r a t u s 310 
according to the present embodiment includes a 



motor 340, a compressor 322, and an expansion 
turbine 332. The compressor 322 is connected to 
one axial end of the motor 340 and joined to the 
shaft 344 of the motor 340. The compressor 322 
5 is connected at the inlet side to a compressor 
inlet pipe 321. The expansion turbine 332 is 
connected to the other axial end of the motor 
340 opposite to the compressor 320 and joined to 
the shaft 344 of the motor 340. The expansion 
10 turbine 332 is provided with an air vent 331a 
for receiving the refrigerant air at the inlet 
side. The expansion turbine 332 is connected at 
the outlet side to an expansion turbine outlet 
pipe 331 . 

15 The motor 340 is located between the 

compressor 322 and the expansion turbine 332. 
The motor 340 has the shaft 344 accommodated as 
a rotating member in a motor casing 341, a 
stator 34 8 for driving the shaft 344, radial 

20 magnetic, bearings 345a, 345b, 34 5c, and 345d 

supporting the shaft 344 in the radial direction, 
a rotor disk 346 vertically connected to the 
shaft 344, and axial magnetic bearings 347a, 
347b, 347c, and 347d supporting the shaft 344 in 

25 the axial direction via the rotor disk 346. 

Next, the principle of operation of the 
air refrigerant cooling apparatus 310 according 
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to the present embodiment will be described. 

The air refrigerant cooling apparatus 310 
of the present embodiment is designed for 
achieving high operational efficiency by the 
5 high-speed rotation. The high reliability is 
required in the actual operation. 

First, electromagnetic force is generated 
• between the shaft 344 installed in the motor 
casing 341 of the motor 340 and a coil (not 

10 shown) provided around the stator 348, which is 
the rotational force for driving the shaft. The 
rotational driving force causes the shaft 344 of 
the motor 340 to rotate against the stator 348. 
In the actual operation, the shaft 344 is held 

15 in space with keeping a certain distance from 
the magnetic bearings in the radial direction 
and the axial direction due to the radial 
magnetic bearings 345a, 345b, 345c, and 345d and 
the axial magnetic bearings 347a, 347b, 347c, 

20 and 347d. 

In the present embodiment, as described 
above, the radial sensors 349c and 349d and the 
axial sensors 349a and 349b are provided 
adjacent to the radial magnetic bearings 345a, 

25 345b, 345c, and345d, and the axial magnetic 

bearings 347a, 347b, 347c, and 347d in order to 
keep the distance between the above-mentioned. 
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magnetically floating shaft 344 and respective 
of the radial magnetic bearings 345a, 345b, 345c, 
and 345d and the axial magnetic bearings 347a, 
347b, 347c, and 347d for the purpose of 
5 improving the operational reliability of the 
motor 340 during the actual operation of the 
high-speed rotation. The locations of the shaft 
344 in the radial and the axial directions are 
monitored by the radial sensors 349c and 349d 

10 and the axial sensors 349a and 349b during the 
operation. The obtained data indicative of the 
locations of the shaft 344 are inputted to a 
processing unit (not shown). On the basis of 
the inputted location data of the shaft 344, the 

15 processing unit calculates at real time how much 
displacement of the shaft 344 is necessary in 
order to set the shaft 344 from its current 
position back to a predetermined position by 
controlling the radial magnetic bearings 345a, 

20 345b, 345c, and 345d, and the axial magnetic 

bearings 347a, 347b, 347c, and 347d. The data 
of current variation calculated by the 
processing unit (not shown) is inputted to a 
controller which is not shown. Then, based on 

25 the data indicative of the locations of the 

shaft 344 in the radial and the axial directions, 
currents flowing the respective magnetic 
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bearings are controlled by .the controller (not 
shown), which keeps the shaft 344 stably at the 
predetermined position. 

When the motor 340 is in action, the 
5 rotation of the shaft 344 causes heat within the 
motor 340, For the purpose of exhausting the 
heat occurred in the motor 340, the motor casing 
341 is provided with a cooling air vent 370a and 
a cooling air vent 370b. W he n the motor 340 is 

10 in action, a cooling air (130 mmAq, 40 °C ) is 

supplied, from a fan 360 provided outside the air 
refrigerant cooling apparatus 310 into the motor 
3 40 through a filter 350 and the cooling air 
vent 370a. After supplied into the motor 340 

15 and cooling down the shaft 344 and the stator 

348 which are the motor driver, the cooling air 
is exhausted to the outside of the motor casing 
341 through the cooling air vent 370b. 

According to the air refrigerant cooling 

20 apparatus 310 in the present embodiment, as in 
the case of the air refrigerant cooling 
apparatus 210 in the first embodiment, it is 
necessary to generate pressure difference 
between the inside of the motor and respective 

25 of the compressor 322 and the expansion turbine 
332 in order to remove the contamination which 
moves into the motor 340 from the outside of the 
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motor 340 through a labyrinth-A 342 and a 
labyrinth-B 343. Moreover, according to the 
present embodiment/ it is necessary to keep at 
an assured temperature the radial sensors 349c 
5 and 349d and the axial sensors 349a and 349b 
provided adjacent to the radial magnetic 
bearings 345a, 345b, 345c, and 345d, and the 
axial magnetic bearings 347a, 347b, 347c, and 
3 47d. 

10 According to the present embodiment, as in 

the first embodiment, an air refrigerant (-173 
mmAq, 35 °C ) is supplied to the inlet in the 
axial direction of the compressor 322. The air 
refrigerant is compressed in the compressor 322 

15 and its temperature increases up to 119 °C . 

Then, the air refrigerant is exhausted from a 
compressor vent 321c to the outside of the 
compressor 322 . Also, the air refrigerant (-47 
""C ) is adiabatically expanded in the expansion 

20 turbine 332 , and thus is cooled down to -80 ^'C . 
Then, the adiabatically expanded air refrigerant 
at. the temperature of -80 °C is exhausted from 
the turbine outlet in the axial direction to the 
outside of the expansion turbine 332. The 

25 portions between the motor 340 and respective of 
the compressor 322 and the expansion turbine 332 
are shielded by respective of the labyrinth-A 
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342 and the labyrinth-B 343 in order to prevent 
the compressed air refrigerant and the 
adi aba t i c al 1 y expanded air refrigerant from 
flowing into the motor 340 when the air 
refrigerant is compressed in the compressor 322 
and adiabat-ically expanded in the expansion 
turbine 332. It may however happen that a 
portion of the air refrigerant leaks into the 
motor 340 from the outside through the 
labyrinth-A 342 and the labyrinth-B .343. As a 
result, the air refrigerant at high or low 
temperature may have an influence on the radial 
sensors 349c and 349d and the axial sensors 349a 
and. 3 4 9b. 

According to the pr e s ent . embodiment , the 
motor casing 341 is provided with air vents 341a, 
341b, 341c, and 341d for the purpose of removing 
the above-mentioned contamination and for 
keeping the operating temperature of the radial 
sensors 349c and 349d and the axial sensors 349a 
and 349b. The air vents 341a, 341b, 341c, and 
341d are provided adjacent to the radial 
magnetic bearings 345a, 345b, 345c, and 345d and 
the axial magnetic bearings 347a, 347b, 347c, 
and 347d. The air vents 341c and 341d are 
connected to a fan 360 through a filter 350 by 
using pipes. Thus, the contamination around the 
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shaft 344, the radial magnetic bearings 345a, 
345b, 345c, and 345d, and the axial magnetic 
bearings 347a, 347b, 347c, and 347d of the motor 
340 is exhausted to the outside of the motor 
5 casing 341 through the air vents 341a and 341b 
due to the difference between pressure outside 
the motor casing 341 and pressure inside the 
motor casing 341. According to the present 
embodiment, since the air vents 341a, 341b, 341c, 

10 and 341d are located adjacent to, the radial 

magnetic bearings 345a, 345b, 345c, and 345d and 
the axial magnetic bearings 347a, 347b, 347c, 
and 347d, the air refrigerant at high and low 
temperature entering through the labyrinth-A 342 

15 and the labyrinth-B can be prevented from 

staying around the radial sensors 349c and 349d 
and the axial sensors 349a and 349b provided in 
the proximity of the respective bearings. 

In the present embodiment, the air 

20 refrigerant around the sensors is forcibly 

exhausted to the outside of the motor casing by 
the positive pressure from the fan 360 as 
mentioned above. Also, negative pressure may be 
applied near the sensors by using a compressor 

25 or an aspiration fan in order to generate a 

pressure difference between the space around the 
sensors and the outside of the motor casing. 
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Thus, the air refrigerant at high or low 
temperature entering through the labyrinth-A 342 
and the labyrinth-B can be prevented from 
staying around the sensors. When the negative 
5 pressure is applied by the compressor and the 

like, the contamination moved into the motor can 
be quickly exhausted to the outside of the motor. 
When the positive pressure is applied by the fan 
and the like, the air refrigerant at high or low 

10 temperature from the labyrinth sections is 
prevented from moving around the, sensors. 

In the present embodiment, a pressure 
difference is generated between the inside and 
the outside of the motor in order to remove the 

15 contamination which moves into the motor 340 

from the outside through the labyrinth-A 342 and 
the labyrinth-B 343. Furthermore, according to 
the present embodiment, for the purpose of 
preventing the air refrigerant at high or low 

20 temperature entering through the labyrinth-A 342 
and the labyrinth-B from staying around the 
sensors, the positive or the negative pressure 
is forcibly applied to spaces within the motor 
casing 341 near the sensors by using the 

25 external fan and the like. Thus, the air 
refrigerant at high or low temperature is 
exhausted to the outside of the motor casing 341. 



As described above, it is possible to keep the • 
high-speed rotation in the motor 340 and hence 
to attain the air refrigerant cooling apparatus 
310 having higher efficiency and higher 
5 r el i abi 1 i t y t han the first embodiment. 
(Third embodiment ) 

Fig* 2 is a schematic view of the air 
refrigeration system 100 according to the third 
embodiment • 

10 The a i r r e f r i ge r a t i o n system 100 of 

present embodiment includes the air refrigerant 
cooling apparatus 210 of the first embodiment or 
the air refrigerant cooling apparatus 310 of' the 
second embodiment, a first heat exchanger 120, a 

15 second heat exchanger 130, a refrigerator 140, a 
.filter 150, and a fan 160. 

The refrigerant in the present embodiment 
is air, which can eliminate the destruction of 
environment due to ozone refrigerant which has 

20 been conventionally used. 

In the pres ent embodiment , an outlet of 
the compressor in the air refrigerant cooling 
apparatus 210 or 310 is connected to an inlet of 
the first heat exchanger 120 through a conduit, 

25 An outlet of the first heat exchanger 120 is 
connected to an inlet of the second heat 
exchanger 130 through a conduit. An outlet of 
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the second heat exchange 130 is connected to an 
inlet of the expansion turbine in the air 
refrigerant cooling apparatus 210 or 310 through 
a conduit. An outlet of the exp.ansion turbine 
in the air refrigerant cooling apparatus 210 or 
310 is connected to an air refrigerant inlet of 
the refrigerator 140 through a conduit. Also, 
an air refrigerant outlet of the refrigerator 
140 is connected to an inlet of the compressor 
in the air refrigerant cooling apparatus 210 or 
310 via the second heat exchanger 130 by the use 
of a conduit. Also, the air inlet provided on 
the motor casing is connected to the fan 160 
through the filter 150 in order to cool down the 
inside of the motor of the air refrigerant 
cooling apparatus 210 or 310, 

Next, the principle of operation of the 
air refrigeration system 100 according to the 
present embodiment will be described. The air 
refrigeration system 100 of present embodiment 
is a circulation type system which uses an air 
as the refrigerant. The refrigerator 140 is 
incorporated into a circulation loop, and thus 
the air refrigerant is directly supplied to the 
refrigerator 140. Here, t h e r e f r i g e r a t o r 
includes a freezer, a refrigerating chamber and 
so on. For example, the refrigerator 140 may be 
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not only provided for keeping products at lower 
temperatures but also designed of a half-closed 
type for freezing food products conveyed on a 
belt conveyor through a space cooled by the air 
5 refrigerant cooling apparatus 210 or 310 so that 
the food products turn to frozen products. 
Furthermore, the refrigerator 140 may be used as 
a medical product processing apparatu.s for 
freezing medical products during the production. 

10 First, the air refrigerant at a 

temperature of 35 ""C (-173 mmAq) is supplied to 
the inlet of the compressor in the air 
refrigerant cooling apparatus 210 (310), and is 
compressed by the compressor. Then, the 

15 compressed air refrigerant at a temperature of 
119 ""C is outputted .from the outlet of the 
compressor. The outputted air refrigerant at 
119 ""C is transferred to the first heat 
exchanger 120, and is cooled down to 43 °C by 

20 the first heat exchanger 120. The air 

refrigerant cooled down to. 43 ""C is transferred 
to the second heat exchanger 130. Then, the air 
refrigerant is further h e a t - e x ch a n g e d and is 
cooled down to about -47 °C . The air 

25 refrigerant cooled down to -47 °C is transferred 
to the inlet of the expansion turbine of the air 
refrigerant cooling apparatus 210 (310). Then, 



the air refrigerant is a d i ab a t i c a 1 1 y expanded 
and hence is cooled down to -80 ^^C . The air 
refrigerant cooled down to -80 is supplied to 

the refrigerator 140^- and directly cools down 
5 the products stored in the refrigerator 140. In 
the present embodiment, the temperature in the 
refrigerator 140 is kept at near -55 ""C . The 
air refrigerant at the temperature of -55 ""C 
outputted from the refrigerator 140 is 

10 transferred to the second heat exchanger 130, 
and is heat -exchanged with the air refrigerant 
from the first heat exchanger 120. As a result, 
the air refrigerant from the first heat 
exchanger 120 is cooled down to -47 ^'C . Then, 

15 the air refrigerant outputted from the 

refrigerator 140, which is h e a t - e x c h an g e d at the 
second heat exchanger 130 and is warmed up to 35 
""C , is supplied to the inlet of the compressor 
of the air refrigerant cooling apparatus 210 

20 (310) again. Thus, the circulation of the air 
refrigerant is established. Meanwhile, the 
cooling air for cooling the inside of the motor 
is supplied from the fan 160 into the motor 
through the filter 150. After cooling down the 

25 inside of the motor, the cooling air is released 
from the inside of the motor to the atmosphere. 

The air is employed as the refrigerant in 
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the present embodiment, which eliminates 
deterioration of environment as compared with 
the conventional refrigerant such as 
chlorof luorocarbon and the like. Also, the air 
5 refrigerant cooling apparatus 210 or 310 shown 
in the first embodiment or the second embodiment 
is used. Thus, it is possible to provide the 
air refrigeration system 100 having high 
efficiency and high reliability which can cool 
10 the inside of the. refrigerator 140 to a desired 
temperature with minimum number of heat 
exchangers . 

Also, the system of the present embodiment 
has essentially a simple configuration. 

15 Therefore, overall equipment expenses can be 

reduced. Also, the air refrigerant with the low 
temperature is directly supplied into the 
refrigerator 140. Thus, it is not necessary to 
provide an unit cooler and a refrigerant pipe in 

20 a storehouse. It is therefore possible to 

considerably reduce the cost for construction. 

Furthermore, the magnetic bearings are 
employed in the air refrigerant cooling 
apparatus 210 (310) , It is therefore possible 

25 to considerably reduce the cost of maintenance 

such as checking the bearings which is necessary 
for mechanical bearings, replacing the shaft and 



ball bearings, ch an ging lubricant oil necessary 
for the mechanical bearings, and so on. 
(Fourth embodiment) 

Fig. 5 is a schematic view of an air 
5 refrigeration system 400 according to the fourth 
embodiment of the present invention. 

The air refrigeration system 400 of the 
present embodiment is substantially identical in 
the' configuration to the air refrigeration 
10 system 100 of the third embodiment, except that 
. there is a difference in the configuration for 
cooling the motor of the air refrigerant cooling 
apparatus 210 (310). 

The air refrigeration system 400 according 
15 to the present embodiment includes the air 

refrigerant cooling apparatus 210 or 310 of the 
first embodiment or the second embodiment, a 
first heat exchanger 420, a second heat 
exchanger 430, a refrigerator 440, and a 
20 radiator 450 for cooling the motor in the air 
refrigerant cooling -apparatus 210, or 310. 

The configuration and the principle of 
, operation according to the present embodiment 
are similar to those of the air refrigeration 
25 system 100 according to the third embodiment, 

and their detailed explanation is omitted here. 
In.the present embodiment, the radiator 
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450 is provided outside the air refrigerant 
cooling apparatus 210 (310). An inlet and an 
outlet of the radiator 450 are connected to air 
vents which are provided on the motor casing and 
5 are associated with respective of the inlet and 
the outlet. During the operation of the air 
refrigeration system 400, the radiator 450 is 
concurrently driven for circulating the air in 
the motor of the air refrigerant cooling 
10 apparatus 210 (310). Also, the cooling air at a 
temperature of 40 °C exhausted from the inside 
of the motor is cooled down to 30 °C by the 
radiator 4 5 0. 

According to the present embodiment, the 
15 same effects as the third embodiment can be 
obtained. In addition, the efficiency of 
cooling the motor in the air refrigerant cooling 
apparatus 210 (310) can be increased. Therefore, 
it is possible to provide the air refrigeration 
20 system 400 having higher reliability as compared 
withthe air refrigeration system 100 according 
to the third embodiment. 
(Fifth embodiment) 

Fig. 6 is a schematic view of an air 
25 refrigeration system 500 according to the fifth 
embodiment of the present invention. 

The air refrigeration system 500 of the 
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present embodiment is substantially identical in 
the configuration to the air refrigeration 
system 100 of the third embodiment and the air 
refrigeration system 400 of the fourth 
5 embodiments, except that there is a difference 
in the configuration for cooling the motor of 
the air refrigerant cooling apparatus 2 10 (310). 

The air refrigeration system 500 according 
to the present embodiment includes the air 
10 refrigerant cooling apparatus 210 or 310 of the 
first embodiment or the second embodiment, a 
first heat exchanger 520, a second heat 
exchanger 53 0, and a refrigerator 540. 

The configur action and the principle of 
15 operation according to the present embodiment 
are similar to those of the air refrigeration 
system 100 according to the third embodiment, 
and their detailed explanation is omitted here. 

In the present embodiment, the pipe 
20 connected to the out-let of the second heat 

exchanger 530 is divided into two branches; one 
is connected to the inlet of the expansion 
turbine of the air refrigerant cooling apparatus 
210 (310), and the other is connected to an air 
25 vent provided on the motor casing. Also, the 
inlet of the compressor of the air refrigerant 
cooling apparatus 210 (310) is connected through 
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a pipe to an air vent provided on the motor 
casing of the air refrigerant cooling apparatus 
2 10(310). 

Accordingly, during the operation of the 
air refrigeration system 500, a part of the air 
refrigerant at the temperature of -47 ®C 
outputted from the second heat exchanger 530 is 
supplied into the motor of the air refrigerant 
cooling apparatus 210 (310), and cools down the 
motor. After cooling down the motor, the air' 
refrigerant whose temperature becomes about 40 
'^C is exhausted from the motor and is 
transferred to the inlet of the compressor of 
the air refrigerant cooling apparatus 210 (310) 
again. According to the present embodiment, as 
described above, the air refrigerant not only 
keeps the inside of the refrigerator 540 at a 
low temperature but also cools down the inside 
of the motor of the air refrigerant cooling 
apparatus 210 (310). 

According to the present embodiment, the 
same effects as the third and the fourth 
embodiments can be obtained. In addition, it is 
possible to cool down the inside of the motor of 
the air refrigerant cooling apparatus 210 (310) 
more efficiently byutilizing the circulation of 
the air refrigerant. It is therefore possible 
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to provide the air refrigeration system" 500 
having higher reliability with lower equipment 
expenses as compared with the air refrigeration 
systems 100 and 400 according to the third and 
5 the fourth embodiments. 
(Sixth embodiment) 

Fig. 7 is a schematic view of a 
refrigerator container (reefer container) 600 
according to the sixth embodiment of the present 

10 invent io-n . 

The refrigerator container 600 of the 
present embodiment i s . sub s t an t i a 1 1 y identical in 
the configuration to the air refrigeration 
system 400 of the fourth embodiment, except that 

15 the whole system is configured to be 
transportable. 

The refrigerator container 600 according 
to the present' embodiment includes the air 
refrigerant cooling apparatus 210 or 310 of the 

20 first embodiment or the second embodiment, a 
first heat exchanger 620, a second heat 
exchanger 630, a container box 640, and a 
radiator 650 for cooling the motor of the air 
refrigerant cooling apparatus 210 or 310. 

25 The configuration and the principle of 

operation according to the present embodiment 
are similar to those of the air refrigeration 
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system 100 according to the third embodiment and 
the air refrigeration system 400 according to 
the fourth embodiment, and their detailed 
explanation is omitted here. 
5 In the p r e s e n t . emb od imen t , the radiator 

650 is provided outside the air refrigerant 
cooling apparatus 210 (310). An inlet and an 
outlet of the radiator 650 are connected to air 
vents which are provided on the motor casing and 

10 are associated with respective of the inlet and 
the outlet. During the operation of the 
refrigerator container 600, the radiator 650 is 
concurrently driven for circulating the air in 
the motor of the air refrigerant cooling 

15 apparatus 210 (310). Also, the cooling air at a 
temperature of 40 ""C exhausted from the inside 
of the motor is cooled down to 30 by the 

radiator 65 0. 

Moreover, in the present embodiment, all 

20 of the air refrigerant cooling apparatus 210 

(310), the first heat exchanger 620, the second 
heat exchanger 630, the container box 640, and 
the radiator 650 are configured to be 
transportable. The whole system can be loaded 

25 on a vehicle, a vessel, or a train. It is 
therefore possible to carry products with 
freezing in the container box 640. 



Since the whole system -is transportable 
according to the present embodiment, the air 
refrigeration system having high reliability can 
be applied to a refrigeration transportation 
5 whose demand is expected to grow in the future. 
It should be noted that, although only a case of 
freezing is explained, the present embodiment 
can be similarly applied to the refrigeration 
and the air conditioning by adjusting the 

10 temperature/pressure levels as in the other 
embodiments . 
(Seventh embodiment) 

Fig. 8 is a schematic, view of an air 
refrigeration system 700 according to the 

15 seventh embodiment of the present invention. 

The air refrigeration system 700 of the present 
embodiment includes an air refrigerant cooling 
apparatus 410, a first heat exchanger 720, a 
second heat exchanger 730, and a refrigerator 

20 740. The air refrigerant cooling apparatus 410 
has a compressor 422 and an expansion turbine 
4 32 . 

An outlet of the compressor 422 in the air 
refrigerant cooling apparatus 410 is connected 
25 to an inlet of the first heat exchanger 720 

through a conduit. An outlet of the first heat 
exchanger 720 is connected to an inlet of the 
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second heat exchanger 730 through a canduit. An 
outlet of the second heat exchange 730 is 
connected to an inlet of the expansion turbine 
432 in the air refrigerant cooling apparatus 410 
5 through a conduit. An outlet of the expansion 
turbine 432 in the air refrigerant cooling 
apparatus 410 is connected to an air refrigerant 
inlet of the r e f r i ge r a t 6 r 7 4 0 through a conduit. 
Also, an air refrigerant outlet of the 

10 refrigerator 740 is connected to an inlet of the 
compressor 422 in the air refrigerant cooling 
apparatus 410 via the second heat exchanger 730 
by the use of a conduit. Also, an air vent 
provided on the motor casing is connected to a 

15 fan through a' filter in order to cool down the 
inside of the motor- 4 4 0 of the air refrigerant 
cooling apparatus 410. 

The air refrigeration system 700 of 
present embodiment has a conduit 750 which 

20 diverges from a conduit connecting between the 
second heat exchanger 730 and the expansion 
turbine 432. The conduit 750 derives the air 
refrigerant and supplies it to a space where the 
magnetic bearings on the side of the compressor 

25 422 of the motor 440 are provided. The air 

refrigeration system 700 further has a conduit 
760 which derives the air refrigerant from the 



43 



space where the magnetic bearings on the side of 
the compressor 422 of the motor 440 are provided 
to a space where the magnetic bearings on the 
side of the expansion turbine 432 of the motor 
5 440 are provided. The air refrigeration system 
700 further has a conduit .7 70 which derives the 
air refrigerant from the space where the 
magnetic bearings on the side of the expansion 
turbine 432 of the motor 400 are provided to a 

10 conduit connecting the expansion turbine 432 and 
the refrigerator 740. 

Fig. 9 is a cross sectional view 
schematically showing the air refrigerant 
cooling apparatus 410 according to the present 

15 embodiment. The air refrigerant cooling 

apparatus 410 of the present embodiment has the 
motor 440, the compressor 422, and the expansion 
turbine 432. The motor 440 is a synchronous 
motor of which revolution speed is about 21000 

20 rpm. The compressor 422 is connected to one 

axial end of the motor 440 and joined to a shaft 
444 of the motor 440. The compressor 422 is 
connected at the inlet side to a compressor 
inletpipe421. 

25 The expansion turbine 432 is connected to 

the other axial end of the motor 440 opposite to 
the compressor 422 and joined to the shaft 444 
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of the motor 440. The motor 440 is located 
between the compressor 422 and the expansion 
turbine 432. The motor 440 includes the shaft 
444 accommodated as a rotating member in a motor 
5 casing 441 and a stator 448 for driving the 
shaft 4 4 4.. 

The motor 440 also includes radial 
magnetic bearings *445a and 445c which support 
the radial load of the shaft 444 on the side of 

10 the compressor 422. A first magnetic bearing 

room 451 is provided at the opposite side of the 
stator 448 with regard to the radial magnetic 
bearings 445a and 445c. The first magnetic 
bearing room 451 is separated by a labyrinth-A 

15 442 from the space where the compressor 422 is 
provided. The labyrinth-A 442 prevents the air 
refrigerant compressed by the compressor 422 
from flowing into the motor 440. Provided in 
the first magnetic bearing room 451 are a rotor 

20 disk 446 connected to the shaft 444 and axial 
magnetic beatings 447a and 447b which support 
the axial load of the shaft 444 via the rotor 
disk 446. 

The motor 440 further has radial magnetic 
25 bearings 445b and 445d which support the radial 
load of the shaft 444 on the side of the 
expansion turbine 432. A second magnetic 
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bearing room 452 is provided at the opposite 
side of the stator 448 with regard to the radial 
magnetic bearings 445b and 445d. The second 
magnetic bearing room 452 is separated by a 
5 labyrinth-B 443 from the space where the 
expansion turbine 432 is provided. The 
labyrinth-B 443 prevents the air refrigerant 
adiabatically expanded in the expansion turbine 
432 from flowing .into the motor 440. 

10 Radial sensors 449c are provided in the 

first magnetic bearing room 451 for detecting 
the distance between the shaft 444 and 
respective of the radial ma gn e t i c . b e a r i ng s 4 4 5a 
and 445c. In addition^ axial sensors 449a and 

15 449b are provided in the first magnetic bearing 
room 451 for detecting the distance along the 
axial direction between the rotor disk 451 and 
the inner wall of the first magnetic bearing 
room 4 5 1. 

20 Radial sensors 449d are provided in the 

second magnetic bearing room 452 for detecting 
the distance between the shaft 444 and 
respective, of the radial magnetic bearings 445b 
and 4 4 5d . 

25 The first magnet ic bearing room 451 in 

which the radial sensors 449c and the axial 
sensors 449a and 449b are provided is connected 



at an opening to one end of the conduit 750. 
The other end of the conduit 750 is connected to 
a conduit joining between the second heat 
exchanger 730 and the expansion turbine 432, 
5 which is not shown in Fig.. 9. The first 

magnetic bearing room 451 has an outlet 441a 
spaced from the one end of the conduit 750. The 
outlet 441a is connected to one end of a conduit 
7 60 . 

10 The other end of the conduit 760 is 

connected to an inlet 441b provided for the 
second magnetic bearing room 452. The second 
magnetic bearing room 452 has an outlet 441d 
spaced from the other end of the conduit 760. 

15 The outlet 441d is connected to one end of a 

conduit 7 70. The other end of the conduit 770 
is. connected to the expansion turbine outlet 
p ip e 4 3 1 . 

Next, the principle of operation of the 
20 air refrigerant cooling apparatus 700 of the 
present embodiment will be described. 

The motor 440 is driven. Then, the 
compressor 422 and the expansion turbine 432 are 
rotated. 

25 Electromagnetic force is generated between 

the shaft 444 installed in' the motor casing 441 
of the motor 44 0 and a coil (not shown) provided 
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around the stator 448, which is the rotational 
force for driving the shaft.' The rotational 
driving force causes the shaft 444 of the motor 
440 to rotate against the stator 448. In the 
actual operation, the shaft 444 is held in space 
with keeping a certain distance from the 
magnetic bearings in the radial direction and 
the axial direction due to the radial magnetic 
bearings 445a, 445b, 445c, and"445d and the 
axial magnetic bearings 447a, 447b, 447c, and 
4 47d, 

The locations of the shaft 444 in the 
radial and the axial directions are monitored by 
the radial sensors 449c and 449d and the axial 
sensors 449a and 449b during the operation. The 
obtained data indicative of the locations of the 
shaft 444 are inputted to' a processing unit (not 
shown). On the basis of the inputted location 
data of the shaft 444, the processing unit 
calculates at real time how much displacement of 
the shaft 444 is necessary in order to set the 
shaft 444 from its' current position back to- a 
predetermined position by controlling the radial 
magnetic bearings 445a, 445b, 445c, and 445d, 
and the axial magnetic bearings 447a, 447b, 447c, 
and 447d. The data of current variation 
calculated by the processing unit (not shown) is 
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inputted to a controller which is not shown. 
Then, based on the data indicative of the 
locations of the shaft 444 in the radial and the 
- axial directions, currents flowing the 
5 respective magnetic bearings are controlled by 
the controller (not shown), which keeps the 
shaft 444 stably at the predetermined position. 

When the motor 440 is in action, the 
rotation of the shaft 444 causes heat within the 

10 motor 440. For the purpose of exhausting the 

heat occurred in the motor 440, the motor casing 
441 is provided with a cooling air vent 470a and 
a cooling air vent 470b. When the motor 440 is 
in action, a cooling air (130 mmAq, 40 ^'C ) is 

15 supplied from a fan 460 provided outside the air 
refrigerant cooling apparatus 410 into the motor 
440 through a filter 450 and the cooling air 
vent 47 0a. After supplied into the motor 4.4 0 
and cooling down the shaft 444. and the stator 

20 448 which are the motor driver, the cooling air 
is exhausted to the outside of the air 
refrigerant cooling apparatus 410 through the 
cooling air vent 470b. 

The air refrigerant at a temperature of 35 

25 ''C (Pressure; -173 mmAq) is supplied to the 

inlet of the compressor 422, and is compressed 
by the compressor 422. Then, the compressed air 
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refrigerant at a temperature of 119 °C is 
outputted from the outlet of the compressor 422. 
The outputted air refrigerant at 119 ^^C is 
transferred to the first heat exchanger 720, and 
is cooled down to 43 ""C by the first heat 
exchanger 720. The air refrigerant cooled down 
to 43 ^^C is transferred to the second heat 
exchanger 730. Then, the air refrigerant is 
further heat- exchanged and is cooled down to 
about -47 °C. The air refrigerant cooled down 
to -47 ''C is transferred to the inlet 431a of 
the expansion turbine of the air refrigerant 
cooling apparatus 410. Then, the air 
refrigerant is a d i ab a t i c a 1 1 y expanded and hence 
is cooled down to -80 . The air refrigerant 
cooled down to -80 ""C is supplied to the 
refrigerator 740, and directly cools down the 
products stored in the refrigerator 740. In the 
present embodiment, the temperature in the 
refrigerator 740 is kept at near -5 5 °C. The 
air refrigerant at the temperature of -55 ""C 
outputted from the refrigerator 740 is 
transferred to the second heat exchanger 730, 
and is heat-exchanged with the air refrigerant 
from the first heat exchanger 720. As a result, 
the air refrigerant from the first heat 
exchanger 72 0 is cooled down to -47 ""C . Then, 
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the air refrigerant outputted from the 
refrigerator 740, which is heat-exchanged at the 
second heat, exchanger 730 and is warmed up to 35 
is supplied to the inlet of the compressor 
5 of the air refrigerant cooling apparatus 410 
again. Thus, the circulation of the air 
refrigerant is established. 

In the normal operation mode, the pressure 
in the first magnetic bearing room 451 is lower 

10 than that in the conduit connecting between the 
second heat exchanger 730 and the expansion 
turbine 432* Therefore, a part of the air 
refrigerant is derived from the conduit 
connecting between the second heat exchanger 730 

15 and the expansion turbine 432 to the conduit 750, 
and is supplied to the first magnetic bearing 
room 451, The temperature of the air 
refrigerant supplied to the first magnetic 
bearing room 451 is as low as -47 ®C, and thus 

20 the air refrigerant contains less moisture. The 
inside of the first magnetic bearing room 451 is 
cooled, down by the supplied air refrigerant. 

As the inside of the first magnetic 
bearing room 451 is cooled down, the radial 

25 sensors 449c, the axial sensor 449a and the 

axial sensor 449b are cooled down. Accordingly, 
the operations of the radial sensors 449c and 
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the axial sensors 449a and 449b become stable. 
Or, cheaper sensors with narrower operating 
temperature range can be used as the radial 
sensor 449c and the axial sensors 449a and 449b, 
5 thus contributing to the overall cost-down. 

The pressure in the f i-r s t ma gn e t i c bearing 
room 451 is higher than that of the second 
magnetic bearing room 452. As a result, the air 
inside the first magnetic bearing room 451 is 

10 outputted to the conduit 760. In the first 

magnetic bearing room 451, the air flows from 
the conduit 750 to the conduit 760, and thus the 
contamination is blown off. 

The temperature of the air outputted from 

15 the first magnetic bearing room 4 51 to the 

conduit 7 60 is about 40 °C . Since the air with 
low temperature and low moisture supplied from 
the conduit 750 is warmed up in the first 
magnetic bearing room 451, the moisture level of 

20 the air outputted to the conduit 760 is 

extremely low. The air is supplied to the 
second magnetic bearing room 452. 

A portion of the air refrigerant may be 
leaked from the expansion turbine 431 across the 

25 labyrinth-B 443 to the second magnetic bearing 
room 452. The leaked air refrigerant is very 
low in the temperature, which may cause the 



development of frosts on the inner wall of the 
second magnetic bearing room 452. The air with 
extremely low moisture and at the temperature of 
about 40 ^'C is supplied from the conduit 7 60, 
5 which can prevent the development of the frosts. 
As the development of the frosts is prevented, 
the rotation of the -shaft against the radial 
magnetic bearing 445b can be improved in the 
stability. Particularly, in a case when a motor 

10 rotating at as a high speed as 21000 rpm is used, 
extremely high precision of the bearing 
stability is required. It is hence desirable 
that the wei-ght balance is held with high 
precision by the shaft prevented from being 

15 frosted. Moreover, the air with extremely low 
moisture is supplied, which suppresses the 
development of rust in the second magnetic 
bearing room 452. 

The pressure in the s e cond ma gn e t i c 

20 bearing room 452 is higher than that in the 

expansion turbine outlet pipe 431. Therefore, 
the air in the second magnetic bearing room 452 
is outputted to the conduit 770, and is supplied 
to the expansion turbine outlet pipe 431. 

25 Accordingly, the air drawn out from the conduit 
750 in the air refrigerant circulation can be 
returned back to the circulation through the 
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conduit 770, which* ensures the stable action of 
the circulation. 
(Eighth embodiment) 

Fig. 10 illustrates an air refrigeration 
5 system according to the eighth embodiment of the 
present invention. 

The air refrigeration system 800 of the 
present embodiment has an air refrigerant 
cooling apparatus 810. The air refrigerant 

10 cooling apparatus 810 includes an auxiliary 

compressor 802, a motor 804, an auxiliary cooler 
806, a main compressor 822, and an expansion 
turbine 832. The auxiliary compressor 802 is 
driven by the motor 804. The auxiliary 

15 compressor 802 is connected at the outlet to the 
auxiliary cooler 806 through a conduit. An 
outlet of the auxiliary cooler 806 is connected 
to the main compressor 822 through a conduit. 
The main compressor 822 is coaxially joined to 

20 the expansion turbine 832. The bearings which 
support a shaft connecting the main compressor 
822 and the expansion turbine 832 can be ball, 
bearings, roller bearings, or magnetic bearings. 
An outlet of the main compressor 822 is 

25 connected to a cooler 820 via a conduit. An 
outlet of the cooler 820 is connected to a 
higher temperature side passage of a heat 
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exchanger 830. An outlet of the higher 
temperature side passage of the heat exchanger 
830 is connected to the expansion turbine 83 2. 
An outlet of the expansion turbine 832 is 
5 connected to an air outlet 5 of the refrigerator 
840. The refrigerator 840 has an air vent 2, 
and the air vent 2 is connected to a lower 
temperature . side passage of the heat exchanger 
830 via'.a conduit. An outlet of the lower 

10 temperature side passage of the heat exchanger 

830 is connected to the auxiliary compressor 8 02. 

One end of a conduit 870 is connected to 
an opening of the conduit joining between the 
expansion turbine 832 and the refrigerator 840. 

15 The other end of the conduit 870 is connected to 
a bearing space (a first bearing room) between 
the compressor 822 and the expansion turbine 832. 
One end of a conduit 860 is connected to the 
first bearing room at an opening located apart 

20 from a point to which a conduit 850 is connected. 
The other end of the conduit 860 is connected to 
a space* (a second bearing room, not shown) on 
the side of the expansion turbine 832. The 
second bearing room is also communicated with 

25 one end of the conduit 870 spaced from the inlet 
of the conduit 860. The outlet of the conduit 
870 is connected to the. conduit joining between 
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the expansion turbine 832 and the refrigerator 
84 0. 

The principle of operation of the air 
refrigerant cooling apparatus 8 0 0 according to 
5 the present embodiment will be explained. 

The motor 804 is driven, and the' auxiliary 
compressor 802 is rotated. The main compressor 
822 and the expansion turbine 832 are rotated. 
The auxiliary cooler 8 06 is initiated. The 

10 cooler 82 0 is initiated. 

The air refrigerant is outputted from an 
outlet of the lower temperature side passage of 
the heat exchanger 830. The air refrigerant is 
compressed by the auxiliary compressor 802 and 

15 then outputted. The outputted air refrigerant 

is cooled down by the auxiliary cooler 806. The 
air refrigerant outputted from the auxiliary 
cooler 806 is compressed by the main compressor 
822 and then outputted. The air refrigerant 

20 outputted from the main compressor 822 is cooled 
down by the cooler 820. The air refrigerant 
: outputted from the cooler 820 is further cooled 
down by the heat exchanger 8 3 0. The air 
refrigerant cooled down by the heat exchanger 

25 830 is adiabatical ly expanded in the expansion 

turbine 832 and is further cooled down. The air 
refrigerant outputted from the expansion turbine 



832 is supplied into the refrigerator 840 
through the air outlet 5. The interior of the 
refrigerator 840 is cooled down. The air in the 
refrigerator 840 is released from the air vent 2 
5 and is warmed up in the heat exchanger 830. The * 
warmed air refrigerant is then supplied to the 
auxiliary compressor 802. 

A portion of the air refrigerant outputted 
from the expansion turbine 8 32 is transferred to. 

10 the conduit 850 and is supplied to the first 

bearing room. The air in the first bearing room 
is outputted to the conduit 860. As the air 
flows across the first bearing room, the 
contamination can be blown off. The air 

15 outputted from the first bearing room is 

supplied to the second bearing room via the 
conduit 8 60. A portion of the air at a low 
temperature may be leaked from the expansion 
turbine 832 at the outlet side to the second 

20 bearing room, thus developing frosts. The 

development of such frosts in the second bearing 
room can be prevented by the air supplied, from 
the conduit 860. Therefore, the bearings 
operate stably. 

25 
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